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We report the electric transport and thermodynamic properties of the skutterudite-related
La3Co4Sn13 and La3Rh4Sn13 superconductors. Applying an external pressure to La3Rh4Sn13,
the resistive superconducting critical temperature Tc decreases, while the critical temperature of
La3Co4Sn13 is enhanced with increasing pressure. The positive pressure coefficient dTc/dP corre-
lates with a subtle structural transition in La3Co4Sn13 and is discussed in the context of lattice
instabilities. Specific heat data show that both compounds are typical BCS superconductors. How-
ever, La3Rh4Sn13 also exhibits a second superconducting phase at higher temperatures, which is
characteristic of inhomogeneous superconductors. We calculate the specific heat for an inhomoge-
neous superconducting phase, which agrees well with experimental C(T ) data for La3Rh4Sn13. We
also found that an applied pressure reduces this second superconducting phase.
PACS numbers: 71.27.+a, 72.15.Qm, 71.30+h
I. INTRODUCTION
Recent systematic research on filled–cage compounds
focuses on their thermoelectric properties due to low
phonon thermal conductivities resulting from rattling of
the atoms inside the cage. In the case of the Ce–
based filled–cage Kondo systems, thermoelectricity is
also strongly enhanced at low temperatures as a result
of sharp features in the electronic density of states at the
Fermi energy. Both effects are also expected in the se-
ries of skutterudite–related R3M4Sn13 compounds, first
reported by Remeika,et al.1 where R is a rare–earth ele-
ment and M is a transition metal. The discovery of su-
perconductivity in La3M4Sn13
2–4 has attracted consider-
able attention and provided an avenue by which to better
understand the relationship between superconductivity
and magnetism in the presence of strong electron cor-
relations. The quasi-skutterudite superconducting com-
pound Ca3Ir4Sn13 is a good example of a correlated elec-
tron system with a superlattice quantum critical point
(QCP), reported to emerge under chemical or physical
pressure.5
La3M4Sn13 compounds where M = Co, Rh are
characterized as BCS superconductors.4 In this work,
we present a comprehensive thermodynamic and high-
pressure electrical resistivity study on La3Co4Sn13 and
La3Rh4Sn13. We show evidence of nanoscale inhomo-
geneity as a bulk property of La3Rh4Sn13 in the sense
that the samples exhibit electronic disorder over length
scales similar to the coherence length which cannot be
removed by any standard annealing procedure. Such a
substantial nanoscale electronic inhomogeneity is charac-
teristic of the bulk Bi2Sr2CaCu2O8+x high-Tc materials.
II. EXPERIMENTAL DETAILS
Polycrystalline La3Co4Sn13 and La3Rh4Sn13 samples
have been prepared by arc melting the constituent ele-
ments on a water–cooled copper hearth in a high-purity
argon atmosphere with an Al getter. The samples were
remelted several times to promote homogeneity and an-
nealed at 870 ◦C for 12 days. Almost no mass loss
(≤ 0.02%) occurred during the melting and annealing
process. All samples were carefully examined by x-ray
diffraction analysis and found to be single phase with
cubic structure (space group Pm3¯n).6
Electrical resistivity ρ was investigated by a conven-
tional four-point ac technique using a Quantum De-
sign physical properties measurement system (PPMS).
Electrical contacts were made with 50 µm-gold wire at-
tached to the samples by spot welding. Electrical resis-
tivity measurements under pressure were performed in
a beryllium-copper, piston-cylinder clamped cell. A 1:1
mixture of n-pentane and isoamyl alcohol in a teflon cap-
sule served as the pressure transmitting medium to en-
sure hydrostatic conditions during pressurization at room
temperature. The local pressure in the sample chamber
was inferred from the inductively determined, pressure-
dependent superconducting critical temperature of high-
purity Sn.7
Specific heat C was measured in the temperature range
0.4 − 300 K and in external magnetic fields up to 9
T using a Quantum Design PPMS platform. Specific
heat C(T ) measurements were carried out on plate-like
specimens with masses of about 10 − 15 mg utilizing a
thermal-relaxation method. The dc magnetization M
and magnetic susceptibility χ results were obtained us-
ing a commercial superconducting quantum interference
device magnetometer from 1.8 K to 300 K in magnetic
fields up to 7 T.
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2III. RESULTS AND DISCUSSION: A
COMPARATIVE STUDY
A. Magnetic properties near the critical
temperature Tc
Figure 1 shows the magnetization M vs B isotherms
for La3Rh4Sn13. A very similar M(B) dependence was
obtained for La3Co4Sn13; therefore, the data are not dis-
played here. The M(B) isotherms are characteristic of
a diamagnetic material with a small paramagnetic (or
spin fluctuation8) component. The figure also displays a
symmetric hysteresis loop at T = 1.9 K for La3Rh4Sn13
and La3Co4Sn13, characteristic of irreversible supercon-
ductivity.
FIG. 1. Magnetization M per formula unit vs magnetic
field B measured at different temperatures for La3Rh4Sn13.
A very similar M(B) dependence is observed for La3Co4Sn13;
therefore, the data are not presented here. The insets display
a symmetric hysteresis loop at T = 1.8 K in the supercon-
ducting state of La3Rh4Sn13 and La3Co4Sn13.
Figure 2 displays the dc magnetic susceptibility ob-
tained at different magnetic fields when the temperature
is decreasing and then increasing, with hysteresis loops
below Tc for the applied magnetic fields B ≤ 0.1 T. Un-
der applied magnetic fields larger than 0.5 T, the dia-
magnetism of the superconducting state is suppressed.
The ac magnetic susceptibility, displayed in the inset to
Fig. 2, clearly exhibits a homogeneous superconducting
phase for La3Co4Sn13, while for La3Rh4Sn13, it shows ev-
idence of two superconducting phases: an inhomogeneous
superconducting state below T ?c = 2.85 K and a super-
conducting phase below Tc = 2.1 K with maximum dia-
magnetic χac value. The T
?
c “high-temperature” phase
will be discussed below.
FIG. 2. (Color online) Magnetic susceptibility (dc) for
La3Rh4Sn13 at different magnetic fields measured with de-
creasing and increasing temperature. In the superconducting
state, there is a hysteresis loop which is strongly reduced by
magnetic field. The inset shows ac magnetic susceptibility
measured in an applied ac magnetic field with amplitude of 1
Gs. χac of the Co-sample clearly shows a homogeneous super-
conducting state below Tc, while for La3Rh4Sn13, it suggests
an inhomogeneous superconducting phase between T ?c and Tc.
B. Electrical resistivity and specific heat under
applied magnetic field
Figure 3 displays the temperature dependence of the
electrical resistivity under applied magnetic fields for
La3Co4Sn13 and La3Rh4Sn13. We define Tc as the tem-
perature at 50% of the normal-state resistivity value. In
Fig. 4, we present the H − T phase diagrams, where
Tcs are obtained from electrical resistivity under sev-
eral magnetic fields. The Ginzburg-Landau (GL) the-
ory approximates the H − T diagram for La3Co4Sn13
well. In the upper panel, the best fit of the equation
Hc2(T ) = Hc2(0)
1−t2
1+t2 , where t = T/Tc gives a value for
the upper critical field Hc2(0) = 1.38 T. The upper criti-
cal fieldHc2 can be used to estimate the coherence length.
Within the weak-coupling theory9 µ0Hc2(0) = Φ0/2piξ
2
0 ,
so that the coherence length is estimated to be ξ0 = 16
nm (the flux quantum Φ0 = h/2e = 2.068×10−15 T m2).
However, in case of La3Rh4Sn13 [Fig. 4(b)], its upper crit-
ical field curve evidently deviates from the GL theory in
the fields H > 1 T. This behavior is discussed below.
Shown in Fig. 5 is the specific heat C of La3Co4Sn13
and La3Rh4Sn13 plotted as C/T vs T at various magnetic
fields. The heat capacity data indicate bulk superconduc-
tivity for La3Co4Sn13 below Tc = 1.95 K [Fig. 5(a)] in
agreement with the electrical resistivity measurements,
while the superconductivity in C/T data for La3Rh4Sn13
[in Fig. 5(b)] occurs below Tc = 2.13 K, in contrast to
T ?c = 2.98 K obtained from electrical resistivity. We note
3FIG. 3. (Color online) Temperature-dependent electrical
resistivity ρ of La3Co4Sn13 (a) and La3Rh4Sn13 (b) at various
externally applied magnetic fields. For clarity, the data are
presented with a field increment 0.2 T.
that in the H − T phase diagram presented in Fig. 4(b),
the Tcs significantly deviate from the GL theory in the
temperature region T & 1.4 K. We therefore measured
the heat capacity vs magnetic field at T = const for
T ≤ 1.4 K [Fig. 6(a)] and T > 1.4 K [Fig. 6(b)] to
obtain the missing points in the H − T phase diagram.
In Fig. 6(a), the heat capacity C(H,T ≤ 1.4 K) has only
one kink at Tc, while the C data for T > 1.4 K in Fig. 6(b)
show a kink at Tc and at T
?
c . These critical temperatures
are both shown in the H−T phase diagram [c.f. Fig. 4(b)]
as blue filled (Tc) and unfilled (T
?
c ) squares, respectively.
Then, the H vs Tc dependence is well approximated by
the GL theory with Hc2(0) = 1.6 T (ξ0 = 14 nm). The
higher temperature superconducting phase between Tc
and T ?c is interpreted in the context of electronic disor-
der over length scales similar to the coherence length,
FIG. 4. (Color online) Temperature dependence of the upper
critical fields Hc2 in the H−T phase diagram for La3Co4Sn13
(a) and La3Rh4Sn13 (b). The solid line represents a fit us-
ing the Ginzburg-Landau model of Hc2(T ). In panel (b), Tc
values characterized by red filled circles are obtained from
electrical resistivity data under H, and defined as the tem-
perature where ρ drops to 50% of its normal-state value. The
diamond and triangle data points represent Tc and T
?
c values,
respectively, obtained in a plot of C/T vs T in Fig. 5 on the
line H = const. For the T = const line, the blue filled and
unfilled squares represent the temperature of the break points
in the plot of C(T = const) vs H (as shown in Fig. 6).
which is often observed in the high Tc superconductors.
In Fig. 5, the C(T )/T data are fitted by the expression
C(T )/T = γ + βT 2 + A exp(−∆(0)/kBT ). The dotted
curve represents the best fit with the fitting parameters
obtained, respectively, for La3Co4Sn13 and La3Rh4Sn13:
γ = 9 mJ/molK2 and 6 mJ/molK2, β = 2 mJ/molK4
and 3 mJ/molK4, and ∆(0) = 3.5 K and 4.4 K, where
∆(0) is the energy gap at zero temperature. From β =
N(12/5)pi4Rθ−3D , we estimated the Debye temperature
θD ∼ 268 K for La3Co4Sn13 and 234 K for La3Rh4Sn13.
Under zero magnetic field, C(T ) exhibits exponential
T -behavior, which indicates s-wave superconductivity in
both compounds. BCS theory in the weak-coupling limit
provides a relation between the jump of the specific heat
at Tc and the normal state electronic contribution, γ;
4FIG. 5. (Color online) Temperature dependence of specific
heat, C(T )/T , of La3Co4Sn13 (a) and La3Rh4Sn13 (b) at dif-
ferent magnetic fields. The dotted line is the best fit of the
expression C(T )/T = γ + βT 2 + A exp(−∆(0)/kBT ) to the
data.
i.e., ∆C/(γTc) = 1.43. We estimated ∆C/(γTc) ∼= 1.5(5)
for La3Co4Sn13, taking the appropriate quantities as de-
rived from Fig. 5 and the electronic specific heat coeffi-
cient γ = 26 mJ/molK2 obtained below Tc at the field 3
T. In the case of La3Rh4Sn13, ∆C/(γTc) ∼= 1.5(5) using
γ = 15 mJ/molK2. Moreover, the specific heat data give
2∆(0)/kBTc ratio values of 3.6 and 4.1 for Co and Rh
samples, respectively, which are comparable with those
expected from the BCS theory (2∆(0)/kBTc = 3.52). We
conclude that both compounds are typical BCS supercon-
ductors (c. f. Ref. 4) below Tc; however, in La3Rh4Sn13,
we found a second inhomogeneous superconducting phase
between Tc and T
?
c in magnetic fields lower than 1 T. This
phase is reduced by an applied pressure, as will be shown
below.
FIG. 6. (Color online) Heat capacity vs magnetic field at
constant temperature.
C. Possible explanation of the superconducting
properties of La3Rh4Sn13
We clearly see two zero-field phase transitions in
La3Rh4Sn13 at temperatures Tc = 2.13 K and T
?
c = 2.98
K. Note that this observation strongly contrasts with the
results on La3Co4Sn13 where all the data (specific heat as
well as electrical resistivity and magnetic susceptibility
measurements) point to a well-defined single supercon-
ducting phase. In the case of La3Rh4Sn13, we observe a
sharp jump of the specific heat at Tc (see Fig. 5), that
indicates the sample is of good quality. On the other
hand, at the higher critical temperature T ?c , there is
only a change of the slope of C(T ), as can be seen in
Fig. 7(a). Therefore, magnetic susceptibility and electri-
cal resistivity are shown in Fig. 7(b) to help explain the
physical properties of the the system below Tc and T
?
c .
A sharp drop in the electrical resistivity is observed at
T ?c . The sharpness of this drop is very suggestive and it
would be hard to imagine any other mechanism than su-
perconductivity behind such a transition. However, this
sharp drop is not accompanied by any dramatic change
of the magnetic susceptibility. Instead, χ gradually de-
creases in the temperature window between Tc and T
?
c ,
and saturates first below Tc. The saturation is accom-
5FIG. 7. (Color online) Specific heat C of La3Rh4Sn13 ap-
proximated by the atomic-scale pair disorder model (a). Dis-
tinct specific heat contributions Ci represent various combi-
nations of lattice and electronic contributions as described in
the text, where i = 1−5 and C4+C5 = C3 and C5+C2 = C1.
For the purpose of comparison, the ac susceptibility and elec-
trical resistivity are displayed in panel (b).
panied by a specific-heat jump with a magnitude which
remains in agreement with the BCS theory. Note also
that both transition temperatures decrease linearly with
the application of external field (see Fig. 4). These lin-
ear dependencies, which hold in quite a broad range of
temperatures, are hallmarks of the diamagnetic breaking
of Cooper pairs, cf. the results of the Ginzburg-Landau
theory or the Werthamer-Helfand-Hohenberg solution of
the Gor’kov equations.
The presence of two sharp superconducting-like transi-
tions can straightforwardly be explained in terms of two
distinct superconducting phases, which are separated in
space and/or involve different energy bands. The onset of
the low-temperature phase is accompanied by a jump in
C(T ) and saturation of χ. The high-temperature phase
occupies a much smaller volume of the system, but still
allows for dissipationless charge currents, e.g., through a
percolation-like transport. The low-temperature phase is
more robust against external magnetic fields, hence both
transition temperatures become equal for H ' 0.9 T as
shown in Fig. 4. For even stronger fields, the dominant
phase completely masks the other phase.
It is quite clear that both phases have similar super-
conducting properties, i.e., comparable transition tem-
peratures and upper critical fields. One may speculate
that these phases differ by the presence/magnitude of the
distortion reported previously in Refs. [6 and 10]. The
distortion lowers the density of states at the Fermi level
which decreases the transition temperature. However,
such a distortion simultaneously affects the Landau or-
bits, which effectively increases the upper critical field.11
While a microscopic theory is missing, one may carry out
phenomenological modeling of C(T ) as discussed below.
The lack of a specific heat jump at T ?c suggests that
the high-temperature phase is spatially inhomogeneous.
A similar temperature dependence of the specific heat has
been observed in PrOs4Sb12, where a double supercon-
ducting phase transition has been identified at tempera-
tures Tc1 ≈ 1.85 K and Tc2 ≈ 1.70 K;12,13 in a few cases,
a single sharp transition at Tc2 has been reported,
14,15
in a study in which Ru was partially substituted for Os,
the transition at Tc1 was stabilized,
16 and in other exper-
iments only a broad peak in C(T ) was observed.14,15,17
The values of the lower and higher transition tempera-
tures and the magnitudes of the corresponding specific
heat jumps are sample dependent, suggesting sample in-
homogeneity may be the origin of the double supercon-
ducting phase transition in PrOs4Sb12.
Another system where two superconducting phase
transitions were found is CePt3Si. It is argued that
the second transition results from a second phase with
a slightly different chemical composition.18 It was re-
ported that bulk superconductivity in a high-quality sin-
gle crystal has a critical temperature significantly lower
than for a polycrystal,19 which may suggest that the
high-temperature superconductivity is related to disor-
der. Moreover, the presence of inhomogeneities of super-
conducting characteristics has been reported even in a
single crystal.20 This may explain the fact that in high-
quality single crystals, the electrical resistivity drops to
zero at a temperature similar to the critical temperature
of polycrystals.19 This situation resembles what we ob-
serve in La3Rh4Sn13, where the electrical resistivity drop
is observed at a higher temperature than the temperature
of the sharp jump in the sp ecific heat, indicating the on-
set of a bulk, homogeneous superconducting phase.
Anomalies similar to those observed in La3Rh4Sn13 are
present also in the specific heat of CeIrIn5. One of them,
corresponding to the onset of bulk superconductivity, is
a sharp jump in C(T ), whereas the other at higher tem-
perature, is much less pronounced and corresponds to the
drop of the electrical resistivity to zero.21 In this case,
the discrepancy between Tcs determined from different
measurements was also explained by the presence of an
inhomogeneous superconducting phase.
Assuming that the scenario of inhomogeneous super-
6conductivity in La3Rh4Sn13 is plausible, we can explain
the presence of the two anomalies in the specific heat at
Tc and T
?
c . Namely, we believe that the anomaly at T
?
c
marks the onset of an inhomogeneous superconducting
phase with spacial distribution of the magnitude of the
superconducting energy gap ∆. Following Ref. 25, we
assume a simple Gaussian gap distribution,
f(∆) ∝ exp
[
− (∆−∆0)
2
2d
]
, (1)
where ∆0 and d are treated as fitting parameters. The
electronic contribution to the specific heat within the
BCS theory can be given by the dashed line (5) in
Fig. 7(a). The fitting parameters were determined in
such a way that this electronic contribution, when added
to the linear C(T ) observed above T ?c [dashed line (4) in
Fig. 7(a)], describes the specific heat for temperatures be-
tween Tc and T
?
c [line (3)]. Of course, the inhomogeneous
phase contributes also to the specific heat below Tc. This
means that the experimental data for the specific heat be-
low Tc, fitted by the dashed line (1), includes both the
contributions from the homogeneous and inhomogeneous
phases. Subtracting the inhomogeneous contribution, we
obtain the dash-dotted line (2), which represents only
the homogeneous phase with a spatially uniform energy
gap. The absence of a significant anomaly in the spe-
cific heat at T ?c suggests that only a small part of the
sample becomes superconducting at the higher critical
temperature. This volume fraction, however, has to be
large enough to produce a complete drop of the electrical
resistivity to zero.
The assumption of the existence of homogeneous and
inhomogeneous regions with different critical tempera-
tures seems to explain both the double superconducting
phase transition and the shape of the specific heat. The
question however remains, what induces the inhomogene-
ity of the superconducting order parameter? One of the
possible explanations is the presence of a small number
of impurities. This scenario is supported by the fact that
the critical temperature in the inhomogeneous phase is
higher than in the homogeneous one. It has been shown
in Ref. 22 that in strongly correlated systems the mag-
nitude of the superconducting order parameter can be
increased in a vicinity of an impurity. This mechanism
has been used to explain the observed enhancement of
superconductivity close to off–plane oxygen dopants in
the high–Tc superconductors
23 and may lead to a specific
heat similar to that observed in La3Rh4Sn13 between Tc
and T ?c .
24
In the above we assumed a scenario based on a pres-
ence of regions with inhomogeneous superconducting or-
der parameter. One can also imagine other explanations,
e.g., based on an assumption of a presence of completely
different phase. However, since the resistivity sharply
drops to zero in the high–critical–temperature phase the
volume occupied by this phase would have to be large
enough to be beyond the percolation threshold. But such
a large volume of a different phase would be clearly visi-
ble in ..... , what is not the case. Therefore, we exclude
such a possibility.
D. Electrical resistivity of La3Rh4Sn13 and
La3Co4Sn13 under applied pressure
Intermetallic superconductors often exhibit structural
instabilities.26 The application of external pressure to
these superconducting materials can drive the com-
pounds towards (or away) from lattice instabilities by
varying the dominant parameters determining the super-
conducting properties; e.g., electronic density of states
at the Fermi level. Generally, pressure is an impor-
tant parameter as it can be used to analyze the useful-
ness of theoretical models (e.g., the case of the quan-
tum critical behaviors observed at the quantum crit-
ical point in several heavy fermions with unconven-
tional superconductivity, where pressure is a possible
tuning parameter). Most superconducting metals show
a decrease of Tc with pressure.
27 The pressure depen-
dence of Tc can be understood within the weak-coupling
BCS model28 or the Eliashberg theory of strong-coupling
superconductivity.29 The La-based compounds studied
here are classifi ed as weakly coupled BCS-like super-
conductors.
Figures 8 and 9 show the effect of applied pressure on
the resistive critical temperatures for La3Co4Sn13 and
La3Rh4Sn13. The superconducting T
?
c of La3Rh4Sn13
FIG. 8. (Color online) Electrical resistivity of La3Co4Sn13
(a) and La3Rh4Sn13 (b) at different applied pressures.
decreases linearly with applied pressure at a rate of
dT ?c /dP = −0.05 K/GPa. However, the Tc values of
La3Co4Sn13 increase with pressure with a pressure coef-
ficient of ∼ 0.03 K/GPa. One should take into account,
however, that the transition temperature obtained from
the resistivity characterizes two different superconduct-
ing phases, namely a homogeneous phase for La3Co4Sn13
and an inhomogeneous one for La3Rh4Sn13, which means
that T ?c vs P is not an intrinsic behavior in the high
pressure phase diagram. Moreover, in the high pressure
phase diagram T ?c decreases only slightly with increasing
of applied pressure, staying well above the critical tem-
7FIG. 9. (Color online) Critical temperatures Tc and T
?
c vs
pressure P . Tcs are obtained from electrical resistivity under
P and defined as the temperatures where ρ decreases to 50%
of its normal-state value.
perature Tc found from the specific heat. Therefore in
the following we discuss the Tc vs P behavior and its
consequences on the physical properties of La3Co4Sn13.
While the superconductivity in both compounds is well
described by the BCS theory in the weak-coupling limit,
this unusual positive dTc/dP behavior has been observed
in superconducting materials with lattice instabilities;
e.g., V3Si,
26 which is a weakly coupled BCS-like super-
conductor and undergoes a small structural phase transi-
tion at TL > Tc from a high-temperature cubic phase to a
low-temperature tetragonal phase. It was proposed that
soft phonon modes play a major role in stabilizing super-
conductivity. To investigate an interplay between Tc and
soft phonon modes leading to structural instabilities, it
is desirable to tune the temperature of the structural dis-
tortion to Tc by chemical or applied pressure. Detailed
investigations (x-ray diffraction, resistivity vs tempera-
ture, etc.)6,10 indicated that a subtle structural distor-
tion in La3Co4Sn13 occurs at TD ∼ 140 K, characterized
by a deformation of the Sn12 cages and accompanied by
Fermi-surface reconstruction. In Fig. 10(b), each value
of TD was defined as the temperature where the resistiv-
ity ρ, plotted as 1/ρ vs T in log-log scale, shows a kink.
In Fig. 10(a), the system is superconducting for applied
pressures P < 2.5 GPa. We speculate that a superlattice
quantum critical point could be observed in La3Co4Sn13
at an applied pressure of ∼ 20 GPa. Such a scenario
was reported for the related superconducting compound
Ca3Ir4Sn13 near a critical pressure of about 1.8 GPa.
5
IV. CONCLUSIONS
The compounds La3Co4Sn13 and La3Rh4Sn13 are BCS
superconductors, which have been the subject of recent
interest.4 We have concentrated on studying the super-
FIG. 10. (a) Temperatures TD associated with a weak struc-
tural distortion in La3Co4Sn13 vs pressure P . TD was defined
by a change of the slope of 1/ρ vs T in a log-log scale [ex-
ample is shown in panel (b) where an arrow emphasizes the
slope change].
conducting states of these compounds under applied pres-
sure and magnetic field. The first significant observation
we have made is that La3Rh4Sn13 exhibits two supercon-
ducting transitions in a weak magnetic field, character-
ized by two step–like drops in the ac magnetic suscepti-
bility as a function of temperature below T ?c , by a sharp
drop in the electrical resistivity at T ?c = 2.98 K, and by a
significant discontinuity in the specific heat at Tc = 2.13
K (Tc < T
?
c ). This complicated anomaly is interpreted
in the context of the presence of an inhomogeneous su-
perconducting phase between Tc and T
?
c . Similar behav-
ior has been observed for a few other superconducting
heavy fermion systems including PrOs4Sb12, CeP t3Si,
and CeIrIn5. Our results contribute towards develop-
ing a broader understanding of this complex behavior in
novel superconducting materials. Second, we found an
unusual pressure effect on Tc in La3Co4Sn13. A posi-
tive dTc/dP behavior is discussed in the context of the
presence of a structural instability near TD ∼ 140 K at
ambient pressure, which strongly decreases with applied
pressure. A similar pressure-dependent structural change
was observed in the isostructural and nonmagnetic com-
pound Ca3Ir4Sn13. In this compound, TD is suppressed
8with applied pressure such that TD → 0 K near 2 GPa
and a novel superlattice quantum critical point is ob-
served. We speculate that a similar quantum criticality
for La3Co4Sn13 could be observed at a pressure about
one order of magnitude larger.
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